Calculations of energy levels, radiative rates and lifetimes are reported for eight ions of tungsten, i.e. S-like (W LIX) to F-like (W LXVI). A large number of levels has been considered for each ion and extensive configuration interaction has been included among a range of configurations. For the calculations, the general-purpose relativistic atomic structure package (GRASP) has been adopted, and radiative rates (as well as oscillator strengths and line strengths) are listed for all E1, E2, M1, and M2 transitions of the ions. Comparisons have been made with earlier available experimental and theoretical energies, although these are limited to only a few levels for most ions. Therefore for additional accuracy assessments, particularly for energy levels, analogous calculations have been performed with the flexible atomic code (FAC).
Introduction
Tungsten (W) is one of the most important constituents of tokamak reactor walls [1] . Additionally, it radiates strongly over almost all ionisation stages. For example, the most intense emission lines of W ions [1] are from W XXII to W L in the VUV to the soft x-ray region, covering an electron temperature range from about 0.5 to 5.0 keV. Similarly, Pütterich et al. [1] have predicted emission features from W LXI to W LXIX in the 0.1-0.15 nm, 1.8-4.0 nm and around 8 nm ranges. However, to assess radiation loss and for modelling plasmas, atomic data (including energy levels and oscillator strengths or radiative decay rates) are required for many of the W ions. Their need for atomic data for several ions, including those of W, has increased significantly due to the developing ITER project. Therefore, several groups of people are actively engaged in producing atomic data.
Early calculations for a number of W ions (W XXXVIII to W XLVIII) were performed by Fournier [2] . He adopted a relativistic atomic structure code, but reported only limited results for energy levels and oscillator strengths ( f -values). A thorough critical compilation of experimental, theoretical and analytical energy levels of W ions (W III through W LXXIV) has been undertaken by Kramida and Shirai [3] and has been further reviewed by Kramida [4] . These energy levels, along with some spectral lines, are also available on the NIST (National Institute of Standards and Technology) website at http://www.nist.gov/pml/data/asd.cfm.
Recently, spectra in the EUV wavelength range (4-20 nm) have been measured by Ralchenko et al. [5] , for a number of W ions, namely W LV to W LXIV. Similarly, Clementson et al. [6] have discussed spectroscopy of many W ions (W XLVII to W LXXII).
On the other side, calculations have been performed for several W ions, such as by Quinet [7] for W XLVIII to W LXII. Although he adopted the GRASP code for the calculations, his reported results for energy levels and radiative rates (A-values) are confined to forbidden lines within the 3p k and 3d k configurations. However, for the modelling of plasmas, atomic data among a wider range of levels/transitions are preferred. Therefore, we have already reported such data for two W ions, namely W XL [8, 9] and W LVIII [10, 11] . In this paper, we extend our work to eight other W ions, S-like (W LIX) to F-like (W LXVI).
As in our earlier research [8] [9] [10] [11] and those of others [7, 12] , we have adopted the fully relativistic multi-configuration DiracFock (MCDF) atomic structure code [13] , better known as the general-purpose relativistic atomic structure package (GRASP) [14] .
This code is based on the j j coupling scheme, includes higher-order relativistic corrections arising from the Breit interaction and QED (quantum electrodynamics) effects, and is suitable for the heavy ions considered here. However, this original version [13] has undergone several revisions, such as by [14] [15] [16] , and the one employed here (and by many other workers) has been revised by Dr.
P. H. Norrington, and is freely available at http://web.am.qub.ac.uk/DARC/.
Energy levels
Extensive configuration interaction (CI) has been incorporated in GRASP, as described below for each ion, and for the optimisation of the orbitals the option of 'extended average level' (EAL), in which a weighted (proportional to 2 j+1) trace of the Hamiltonian matrix is minimised, has been adopted. The GRASP code has a few other choices for optimisation, such as average level (AL) and extended optimal level (EOL). However, in general, the results obtained with the AL option are comparable with those of EAL as already discussed and demonstrated by us for several other ions, such as those of Kr [17] and Xe [18] . Similarly, the EOL option may provide slightly more accurate data for a few predefined levels, but is only useful if the experimental energies are known, which is not the case for a majority of the levels of the ions studied here.
S-like W LIX
Clementson and Beiersdorfer [19] have measured wavelengths for 3 lines of W LIX. They also calculated these with two different codes, i.e. GRASP and FAC (flexible atomic code), and there is no (major) discrepancy among the results. For modelling purposes, Feldman et al. [20] calculated atomic data for many W ions, including W LIX, but did not report the data. Furthermore, they used a simple model consisting of the 3s 2 3p 4 , 3s3p 5 , 3s 2 3p 3 3d, and 3p 6 configurations, generating 48 levels in total.
For our work, we have performed two sets of calculations using the GRASP code. In the first (GRASP1) we have included 2762 levels of the all possible combinations of the n = 3 orbitals, i.e. 18 configurations in number. The second (GRASP2) involves an additional 28 configurations, which are [3s 2 3p 3 , 3s 2 3p 2 3d, 3s3p 4 , 3s3p 3 3d, 3s 2 3p3d 2 , 3s3p 2 3d 2 , and 3p 5 ]4ℓ. These 46 configurations generate 12 652 levels in total. In Table A we compare the energies obtained from both models, but for only the lowest 20 levels. Differences between the two sets of energies are less than 0.025 Ryd and the inclusion of larger CI in the GRASP2 calculations has lowered the energies for most of the levels. Therefore, it is necessary to assess the effect of further CI on the energy levels. For this we have adopted the FAC code of Gu [21] , which is also fully relativistic and is available from the website https://www-amdis.iaea.org/FAC/. This code is comparatively more efficient to run and generally yields results similar to those obtained with other atomic structure codes, as has already been demonstrated in several of our earlier papers -see for example
Aggarwal et al. [22] . With FAC we have also performed two sets of calculations, i.e. FAC1: includes the same 2762 levels as in GRASP1, and FAC2: also includes levels of the 3ℓ 5 4ℓ configurations, generating 38 694 levels in total. Energies obtained from both these models are also listed in Table A for comparison. Discrepancies between the GRASP1 and FAC1 energies are up to 0.15 Ryd (see level 13) , in spite of including the same CI. This is because of the differences in the algorithms of the codes and also in calculating the central potentials. Additionally, the energies obtained from FAC are generally lower for most levels. However, inclusion of additional CI in the FAC2 calculations further lowers the energies, but only up to 0.02 Ryd for some of the levels. Therefore, it may be reasonable to say that the inclusion of CI in our GRASP2 calculations is sufficient to calculate accurate results, but differences with FAC2 remain of up to 0.15 Ryd. The NIST compilation is only for a few levels of W LIX, which are mostly based on the experimental and theoretical work of Clementson et al. [6] . However, these energies are not very accurate as indicated on their website, and many levels are also missing from the compilation. Nevertheless, in Table A we have included their energies for comparison. Unfortunately, differences between their compiled energies and our (any of the) calculations are up to 0.4 Ryd for some of the levels, such as 18-20. Therefore, there may be scope to improve upon our calculated energies but the (in)accuracy cannot definitely be determined by the limited comparison shown in Table A .
Our calculated energies from GRASP2 are listed in Table 1 along with those from FAC2 for the lowest 220 levels, which belong to the n ≤ 3 configurations. Beyond these, the levels of the n = 4 configurations start mixing. Discrepancies between the two sets of energies are smaller than 0.4 Ryd (< 0.5%) for a majority of levels and the orderings are different only in a few instances, such as 70/71 and 151/152. We also note that some differences may be because of a mismatch between the two sets of energies, as it is not always possible to perfectly match these due to their different notations. Also note that the LSJ designations of the levels listed in Table 1 are not always unambiguous, and a few of these can be (inter)changed with varying amounts of CI, codes, and authors preferences. This is inevitable in any calculation because of the strong mixing among some of the levels. As examples, we list the lowest 20 levels in Table B . For some, such as 1, 2, 10, and 12, there is a clear dominance of one vector (level) and hence there is no scope for ambiguity. However, for others, such as 3-9, several vectors (levels) dominate and therefore it is not straightforward to designate such levels. For example, the eigenvector for level 19 is dominant in 19 but is also significant in 4. However, the eigenvector for level 105 is dominant in both levels 4 and 105 (not listed in Table B ). Finally, it may be noted that the degeneracy among the levels of W LIX is very large -see for example levels 3, 5, 9, 19, and 32 of 3s 2 3p 3 3d 5 D o , which are separated by up to ∼30 Ryd. For the ground state energy the Breit and QED contributions are 28.7 and 21.7 Ryd, respectively, although they amount to only ∼0.1%.
P-like W LX
For this ion we have also performed two calculations with GRASP using different levels of CI, i.e. GRASP1: includes 1313 levels of the 15 n = 3 configurations, which are 3s 2 3p 3 , 3s 2 3p 2 3d, 3s3p 4 with the same CI as in GRASP2, and FAC2, which also includes all possible combinations of 3ℓ 4 4ℓ, generating 14 608 levels in total. Energies for the lowest 220 levels from both GRASP2 and FAC2 are listed in Table 2 . These levels belong to the first 8 configurations listed above. For the higher-lying levels, those of n = 4 intermix with n = 3.
In Table C we compare our energies for the lowest 25 levels of W LX from GRASP1, GRASP2, FAC1, and FAC2 with the NIST compilation. CI for W LX is not as important as for W LIX, because differences between our GRASP1 and GRASP2 energies are smaller than 0.02 Ryd. Similarly, discrepancies between the FAC1 and FAC2 energies are less than 0.03 Ryd. However, differences between the GRASP2 and FAC2 energies are up to 0.3 Ryd for some levels, for reasons already explained in section 2.1. The NIST compilation is only for the lowest 25 levels, listed in 2 , and 3d 3 ]4ℓ; FAC1: 9798 levels of 3*4, 3*3 4*1 and 3*4 5*1; and finally FAC2: which includes 27 122 levels in total, the additional ones arising from 3*3 6*1 and 3*2 4*2 configurations. Energies obtained from these calculations are compared in Table E with the NIST compilation for the lowest 21 levels of W LXI, which are the only ones in common. As for other ions, the CI is not very important for this ion, because the GRASP1 and GRASP2 energies agree within to 0.02 Ryd, and the FAC1 and FAC2 energies show no appreciable differences. Similarly, the agreement between our GRASP2 and FAC2 energies is better than 0.2 Ryd -see levels 12-15. However, as for other ions, the differences with the NIST compilation are larger, up to 0.4 Ryd -see level 9 for example. Again, the NIST energies are not very accurate and therefore such differences are not surprising. An important difference between our calculations and the NIST compilation is the designation for level 4, i.e. (3s3p 3 ) 5 S o 2 which is 3 P o 2 (64) in the latter. Both these levels are highly mixed, as may be seen from the eigenvectors listed in Table F for the lowest 21 levels plus the remaining two of the 3s3p 3 configuration, i.e. 3 P o 2 and 1 P o 1 . Our recommended energies for the lowest 215 levels of W LXI are listed in Table 3 from the GRASP2 and FAC2 calculations.
These levels belong to the n = 3 configurations and beyond these those of n = 4 intermix. Finally, there are no major differences in the orderings of the two sets of level energies.
Al-like W LXII
For W LXII the experimental energies are also as sparse as for other W ions. However, two sets of theoretical energy levels [12, 23] are available in the literature. Safronova and Safronova [23] adopted a relativistic many-body perturbation theory (RMBPT) and reported energies for the lowest 40 levels belonging to the 3s 2 3p, 3s3p 2 , 3s 2 3d, 3s3p3d, 3p 3 , and 3p 2 3d configurations. In addition, S. Aggarwal et al. [12] have calculated energies for the lowest 148 levels of the 3s 2 3p, 3s3p 2 , 3s 2 3d, 3s3p3d, 3p 3 , 3p 2 3d, 3s3d 2 , 3p3d 2 , and 3d 3 (nine) configurations, adopting the same version of the GRASP code as in the present work. The RMBPT energies [23] are closer to the NIST compilation and in general are lower than those of S. Aggarwal et al. by up to 0.4 Ryd -see Table 2 of [12] .
We have performed several sets of calculations with the GRASP code but mention only three here, namely: GRASP1, which includes the basic 148 levels of the 9 configurations listed above; GRASP2, which considers an additional 776 (total 924) levels of the [3s3p, 3s3d, 3p3d, 3s 2 Table 1 of [24] ) whereas they mention only 894, and therefore there is an anomaly of 113 levels. However, we stress that (particularly) the omission of the 3p 2 4d and 3p4p 2 configurations does not affect the energies or the corresponding lifetimes, as already discussed by one of us [24] . More importantly, levels of the 3ℓ4ℓ 2 configurations lie at energies well above those of our GRASP3 calculations, and hence are omitted from our work. This has been confirmed by our larger calculation with 75 configurations and 2393 levels. For the same reason we preferred not to include the 4ℓ 2 configurations for the calculations of energy levels for other W ions. A complete set of energies for all 148 levels (of the GRASP1 calculations) are listed in Table 4 from GRASP3 and FAC2 (see below). We note that levels from all other configurations clearly lie above these 148 and hence there is no intermixing.
As with GRASP, we have also performed several calculations with FAC, but focus on only two, i.e. FAC1: includes the same 2003 levels as in GRASP3, and FAC2: contains 12 139 levels in total, the additional ones arising from the 3*2 6*1, 3*1 4*2, 3*1 5*2 and 3*1 6*2 configurations. In Table G we compare our energies from GRASP2, GRASP3, FAC1, and FAC2 with those of NIST for the lowest 21 levels, which are in common. Also included in this table are the results of Safronova and Safronova [23] from RMBPT. The corresponding data of S. Aggarwal et al. [12] are not considered because they are similar to our GRASP2 calculations and have already been discussed previously [24] . Although a considerably large CI has been included in our calculations, it does not appear to be too important for W LXII, because the GRASP2 and GRASP3 (and FAC1 and FAC2) energies are practically identical. Therefore, the discrepancies between the GRASP and FAC energies (up to 0.4 Ryd, particularly for level 21) are not due to different levels of CI but because of the computational and theoretical dissimilarities in the codes. Nevertheless, although the NIST energies are not claimed to be very accurate, their agreements with those from FAC and RMBPT are better (within 0.1 Ryd) than with GRASP. Regarding all the 148 levels in Table 4 , the differences between the GRASP and FAC energies are up to 0.4 Ryd for some (see levels 77 upwards in the table).
Finally, as for other W ions, configuration mixing is strong for W LXII also and therefore there is always a possibility of (inter)change of level designations listed in Table 4 . For the 21 levels listed in Table G , their designations and orderings are the same between NIST and our calculations, but differ with those of S. Aggarwal et al. [12] for some, such as levels 10 and 68, i.e.
(3p 3 ) 2 D o 3/2 and 2 P o 3/2 , which are reversed by them. These two levels (and many more) have strong mixing, as may be seen from Table H in which we list the eigenvectors for the lowest 21 levels plus 68, i.e. 3p 3 2 P o 3/2 . Similarly, there is a disagreement for most level designations between our work and NIST with those of Safronova and Safronova [23] .
Mg-like W LXIII
For this ion, earlier calculations for energy levels are by Safronova and Safronova [23] using the RMBPT method for the lowest 35 levels of the 3s 2 , 3s3p, 3p 2 , 3s3d, 3p3d, and 3d 2 configurations, whereas the NIST compilation is only for 9 levels -see Table I .
As for other ions we have performed several sets of calculations with GRASP and FAC and here we only state our final results. For the GRASP calculations we have considered 58 configurations, which are 3ℓ 2 , 3s3p, 3s3d, 3p3d, 3ℓ4ℓ, 4ℓ 2 , 4ℓℓ ′ , 3ℓ5ℓ, and 3ℓ6ℓ (except 6h), while for FAC we include 991 levels, the additional ones arising from 3ℓ7ℓ and 4ℓ5ℓ. However, levels of the 4ℓ 2 , 4ℓℓ ′ and 4ℓ5ℓ configurations mostly lie above those of 3ℓ7ℓ and can therefore be neglected. Energy levels from both calculations are listed in Table 5 for the lowest 210 levels. In Table I a comparison is shown for the lowest 35 levels with the NIST compilation and the RMBPT calculations [23] . As for W LXII, the FAC and RMBPT energies agree closely with each other as well as with NIST, but our GRASP energies are higher by up to 0.3 Ryd for many levels. Similarly, mixing for the levels is strong for a few as shown in Table J for the lowest 35 -see in particular levels 22, 25 and 34.
Na-like W LXIV
For this ion we have gradually increased the number of orbitals to perform GRASP calculations for up to 1235 levels. The configurations included are 2p 6 nℓ with n ≤ 7 and ℓ ≤ 4, 2p 5 3ℓℓ ′ , 2p 5 3ℓ 2 , 2p 5 4ℓℓ ′ , 2p 5 4ℓ 2 , and 2p 5 3ℓ4ℓ. However, we note that the levels of 2p 6 nℓ lie below those of the other configurations. For this reason we only list the lowest 30 levels in Table K , all belonging to 2p 6 nℓ. However, with FAC we have performed comparatively larger calculations for up to n = 20 and all possible values of ℓ, i.e. 1592 levels in total. These results are also listed in Table K along with those of NIST, which are confined to the n ≤ 5 levels.
The NIST energies differ with FAC by up to 0.26 Ryd for some levels (see 20) , but discrepancies are smaller than 0.15 Ryd with those with GRASP. Again, the differences between the GRASP and FAC energies are not because of different levels of CI, but due to methodological variations. It has not been possible to include higher 2p 6 nℓ configurations in our GRASP calculations, but since the FAC energies have been obtained (as stated above) in Table 6 we list these for the lowest 396 levels, all belonging to 2p 6 nℓ with n ≤ 20. This will be helpful for future comparisons. Finally, unlike the other W ions discussed above, there is no (strong) mixing and/or ambiguity for the designation of the 2p 6 nℓ levels listed in Tables K and 6 .
Safronova et al. [25] have reported energies for 242 levels of W LXIV from three independent codes, namely RMBPT, HUL-LAC (Hebrew University Lawrence Livermore Atomic Code [26] ) and the atomic structure code of R.D. Cowan available at http://das101.isan.troitsk.ru/cowan.htm. Although NIST energies for this ion are only available for a few levels, as already seen in Table K , their RMBPT results are closest to the measurements. Additionally, based on the comparisons made for other W ions, their RMBPT energies should be the most accurate. Nevertheless, the RMBPT energy for level 2 (2p 5 3s 3 P o 2 ) differs by 1.3% and 6.4% with those from HULLAC and Cowan, respectively. Corresponding differences for the remaining levels are up to 0.3% and 1%, respectively. Only the lowest 5 levels of Table K are common with their work, as the remaining 237 belong to the 2p 5 3ℓℓ ′ configurations. Therefore, our listed energies in Table 6 supplement their data.
Ne-like W LXV
The NIST compilation of energies for this ion is limited to only 10 levels of the 2p 5 3ℓ configurations. However, Vilkas et al. [27] have reported energies for 141 levels of the 2p 6 , (2s2p 6 )3ℓ, 4ℓ, 5ℓ (except 5g), and (2p 5 ) 3ℓ, 4ℓ, 5ℓ (except 5g) configurations.
For their calculations they adopted the relativistic multi-reference many-body Møller-Plesset (MRMP) perturbation theory, and included CI up to the n = 5 orbitals. We have included the same configurations for our calculations with GRASP, which generate 157 levels in total because we have also considered the 5g orbital. However, in Table 7 we list energies for only the lowest 121, because beyond this the levels of the 2s2p 6 6ℓ configurations start mixing in the same way as of 2s2p 6 5g with those of 2s2p 6 4ℓ -see levels 92-99 in the table. Additionally, we have performed larger calculations with FAC with up to 1147 levels, belonging to the 2*8, (2*7) 3*1, 4*1, 5*1, 6*1, 7*1, and 2*6 3*2 configurations. These results are also listed in Table 7 for comparison.
Differences between the GRASP and FAC energies are up to 0.5 Ryd (0.07%) for some levels, but the level orderings are almost identical. Similarly, there is no difference in level orderings with the MRMP calculations [27] and the energies differ only by less than 0.6 Ryd (0.06%) with GRASP -see levels 63 and 77-83. Therefore, overall there is no (significant) discrepancy between the three independent calculations. However, in general the FAC energies are lower than those from GRASP for a majority of levels, whereas those of MRMP are higher.
In Table L , we compare energies with the NIST compilation for only the common levels. There is no uniform pattern for (dis)agreement between the theoretical and experimental energies. In general, the MRMP energies are closer to those of NIST whereas those from FAC differ the most. Unfortunately, these comparisons are not sufficient for accuracy determination, particularly when the NIST energies are not based on direct measurements. Finally, as for most W ions, for W LXV also there is a strong mixing for some levels and therefore the level designations listed in Table 7 can vary, although the MRMP calculations [27] have the same labels as in our work. Nevertheless, in Table M we list the eigenvectors for the lowest 33 levels, which include all of the NIST compilation. Note particularly the mixing for levels 24, 25 and 31.
F-like W LXVI
For this ion we have performed a series of calculations with GRASP with gradually increasing CI and our final set includes 501 levels of 38 configurations, which are: 2s 2 2p 5 , 2s2p 6 , (2s 2 2p 4 , 2s2p 5 , 2p 6 )3ℓ, 4ℓ, 5ℓ. Similarly, calculations with FAC have been performed for up to 1113 levels from the 2*7 and (2*6) 3*1, 4*1, 5*1, 6*1, 7*1 configurations. These levels span an energy range of up to 1360 Ryd. Opening the 1s shell gives rise to levels above 5000 Ryd and therefore has not been included in the calculations.
Energies from both of these calculations are listed in Table 8 for the lowest 150 levels, because beyond this the levels of the n = 5 configurations start mixing. However, the listed levels include all of the n = 3 configurations. Differences between the two sets of energies are up to 0.5 Ryd for some levels, except three (145-147) for which the discrepancies are slightly larger, up to 0.7 Ryd.
The level orderings are also the same for a majority of levels, but slightly differ in a few instances, such as for 93-112. NIST 
where m and e are the electron mass and charge, respectively, c the velocity of light, λ ji the transition wavelength inÅ, and ω i and ω j the statistical weights of the lower i and upper j levels, respectively. Similarly, f -and A-values are related to S by the standard equations given in [9] .
In Tables 9-16 can be obtained using Eqs. (1) (2) (3) (4) (5) given in [9] . Additionally, we have also listed the ratio (R) of the velocity (Coulomb gauge) and length (Babushkin gauge) forms which often (but not necessarily) give an indication of the accuracy. The indices used to represent the lower and upper levels of a transition are defined in Tables 1-8 . Furthermore, only a limited range of transitions are listed in Tables 9-16 , but full tables are available online in the electronic version.
For the W ions considered here, existing A-(or f -) values are available mostly for three ions, i.e. Al-like W LXII [23] , Mg-like W LXIII [23] and Na-like W LXIV [27] . Therefore, we confine our comparisons to these three ions. In Table O we compare the f -values for common E1 transitions with the results of Safronova and Safronova [23] . Both sets of data agree very well for all transitions. Similarly, for a few weak transitions ( f ∼ 10 −4 ), such as 1-22, 2-3 and 14-19, the ratio R is up to 1.7 and is closer to unity for the comparatively strong transitions. Similar comparison with their results for transitions in W LXIII is shown in Table P .
For the common transitions listed here, R is unity for all, and f -values agree closely for most with only a few exceptions, such as 20-32, 21-30 and 26-34 for which discrepancies are a factor of two. However, we note that the f -(or A-) values of [23] are only for a small number of transitions whereas our results listed in Tables 12 and 13 cover a much wider range.
Vilkas et al. [27] have listed A-values for some (not all) transitions of W LXV and in Table Q we compare their results with our calculations with GRASP, but only from the lowest three to higher excited levels. Additionally we have listed the f -values to indicate the strength of transitions. As for other W ions, R is also listed for these transitions and is within a few percent of unity, irrespective of the f -value. There are no appreciable differences between the two sets of A-values and discrepancies, if any, are (generally) within ∼20%.
The comparisons of A-( f -) values discussed above are only for a subset of transitions. Considering a wider range, for a majority of strong transitions ( f ≥ 0.01) R is often within 20% of unity, as already seen in Tables O, P 
Lifetimes
The lifetime τ of a level j is given by 1.0/Σ i A ji and the summation includes A-values from all types of transitions, i.e. E1, E2, M1, and M2. Since this is a measurable quantity it helps to assess the accuracy of A-values, particularly when a single (type of) transition dominates. Unfortunately, to our knowledge no measurements of τ are available for the levels of the W ions considered
here, but in Tables 1-8 we list our calculated results. Previous theoretical results are available for two ions, i.e. W LXII [12] and W LXV [27] . Unfortunately, the τ of S. Aggarwal et al. [12] contain large errors, by up to 14 orders of magnitude, for over 90% of the levels of W LXII and bear no relationship to the A-values, as already discussed [24] . For W LXV, the reported τ of Vilkas et al.
[27] are included in Table 7 , and there is no significant discrepancy for any level.
Conclusions
Energy levels and radiative rates for E1, E2, M1, and M2 transitions are reported for eight W ions (W LIX to W LXVI). A large number of levels are considered for each ion and the data sets reported here are significantly larger than available in the literature.
For our calculations the GRASP code has been adopted, although FAC has also been utilised for the determination of energy levels to assess the importance of CI, larger than that considered in GRASP. It is concluded that CI beyond a certain level does not appreciably improve the level energies. Differences between the GRASP and FAC energies, and the available experimental and theoretical values, are often smaller than 0. i and j The lower (i) and upper ( j) levels of a transition as defined in Table 4 . i and j The lower (i) and upper ( j) levels of a transition as defined in Table 5 . i and j The lower (i) and upper ( j) levels of a transition as defined in Table 7 . i and j The lower (i) and upper ( j) levels of a transition as defined in Table 8 . 
